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The present invention relates to moisture-activatable adhe- 
sives for medical application purposes, more particularly 
for medical patches and transdermal therapeutic systems . 
The invention further comprises medical patches and trans- 
dermal therapeutic systems containing such moisture- 
activatable adhesives . 

Medical patches and transdermal therapeutic systems (TTSs) 
generally possess, a pressure-sensitive adhesive layer which 
enables self-adhesive attachment to the skin. In the case 
of transdermal therapeutic systems, the pressure-sensitive 
adhesive layer frecjuently at the same time serves the func- 
tion of an active substance reservoir, i.e. the pressure- 
sensitive adhesive contains one or more active substances 
which are delivered to the skin during the period of appli- 
cation. 



In many cases, the pressure- sensitive adhesive layers of 
medical patches or of TTSs are made of polymers such as 
polyacrylates, polyisobutylenes, polyisoprenes or the like. 
A disadvantage of such pressure- sensitive adhesives, how- 
ever, is that they adhere only poorly on a moist support. 
For this reason, when a patch or TTS is applied to a moist 
skin site the adhesion between the pressure-sensitive adhe- 
sive matrix layer of the patch or TTS and the skin may be 
insufficient. This problem exists in particular with pa- 
tients who perspire vigorously, or with parts of the skin 
that show increased transpiration. Due to the insufficient 
adhesion, the patch or TTS may become detached entirely or 
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partially so that the intended function can no longer be 
fulfilled. This may particularly affect the delivery of ac- 
tive substances from TTSs. 

Because of the pressure-sensitive adhesive properties, that 
layer of a patch or TTS which is to be adhered to the skin 
has to be covered with a detachable protective film. Fur- 
thermore, some of the conventional pressure- sensitive adhe- 
sive compounds utilised for patches or TTSs have a strong 
tendency towards showing "cold flow" # which may lead to the 
adhesive compound emerging from the patch or TTS during 
storage, and subseciuently to the patch or TTS sticking to 
its pack. In addition, the conventional pressure-sensitive 
adhesive compounds are disadvantageous in that they are 
prepared almost exclusively with organic solvents, which 
may lead to problems due to the residual solvent content . 

Furthermore, with active substance-containing adhesive ma- 
trix layers it must bis taken into account that at least for 
some active substances or active substance types an exces- 
sively lipophile environment can have a negative effect on 
the release of the active substances from the matrix. As a 
consequence, it is no longer possible to achieve the in- 
tended active substance release rate. 

The object of the present invention was therefore to pro- 
vide an adhesive for medical patches or TTSs which does not 
have the aforementioned disadvantages, and which possesses 
improved adhesive properties, in particular on a moist sup- 
port . 

This object has surprisingly been achieved by an adhesive 
according to claim 1, as well as according to the preferred 
embodiments described in the subclaims. 



According to the invention, tlie adhesive for medical 
patches or transdermal therapeutic systems contains a com- 
ponent or a combination of at least two components from the 
group comprising (a) polyvinyl alcohols, (b) cellulose de- 
rivatives, (c) polyethers, (d) acid anhydrides and their 
acids and salts, as well as (e) non-pressure- sensitive ad- 
hesive polyacrylates . 

It is of essential importance that the tackiness of the ad- 
hesives according to the invention is activated and/or in- 
creased by contact with moisture or by absorption of mois- 
ture. This particularly means that the adhesive layer pro- 
duced from an adhesive according to the invention does ei- 
ther (i) initially have no self-adhesive properties and 
only becomes tacky after being moistened or upon contact 
with a moist support (e.g. a moist skin site), or (ii) that 
an adhesive layer according to the invention is per se al- 
ready pressure-sensitive adhesive but its adhesive effect 
is increased by absorption of moisture. In this manner, a 
reliable adhesive effect on moist or perspiring skin is en- 
sured. In the context of the present invention, the term 
"moisture-activatable" means both that the tackiness may be 
initiated by the action of moisture, and that an existing 
pressure-sensitive adhesive property may be increased under 
the influence of moisture. 

By utilizing the principle of moisture activatability it is 
possible to prepare adhesive layers which are non-adhesive 
or only slightly adhesive in dry condition (e.g. during 
storage) , so that it is not necessary to cover this adhe- 
sive layer with a detachable protective film. Since the ad- 
hesive layers according to the invention are non-adhesive 
or only slightly adhesive in dry condition, they are not 
prone to "cold flow", which is a further advantage since 
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the patches, TTSs etc. are thereby prevented from sticking 
to the package. 

The property of the adhesive effect being activated or in- 
creased by absorption of moisture is essentially due to the 
formulation according to the invention of the composition 
of the adhesive, i.e. by a content of certain components or 
polymers according to the claims 1 to 15. In this context 
it is additionally of advantage that in most cases hydro- 
phile polymers, such as polyvinyl alcohols or cellulose de- 
rivatives, are used. A further advantage results from the 
fact that in many cases the adhesive masses can be prepared 
on the basis of water or using aqueous solvent mixtures, so 
that organic solvents can largely or totally be dispensed 
with. It is thereby possible to save complex examinations 
to determine the residual solvent content, possible skin 
irritating effects caused by solvents are avoided, and the 
costs for waste air disposal incurred in the production are 
reduced. 

Finally, according to the invention provision is also made 
for increasing the hydrophile character of the adhesives, 
and thereby of the layers of adhesive prepared therefrom, 
by adding further hydrophile polymers or hydrophile auxil- 
iary substances. The adhesives according to the invention, 
and thereby the TTSs prepared therefrom, are therefore es- 
pecially suitable for transdermal administration of active 
substances where a hydrophile environment, i.e. a hydro- 
phile character of the active substance-containing adhesive 
matrix, has a positive effect on the release behaviour of 
the TTS. 

Preferably, the adhesive compositions according to the in- 
vention contain a combination of at least two components, 
selected from the group comprising (a) polyvinyl alcohols, 
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(b) cellulose derivatives, (c) polyethers, (d) acid anhy- 
drides and their acids and salts, as well as (e) non- 
pressure-sensitive adhesive polyacrylates, at least two of 
these components being selected from different classes (a) 
to (e) . Such a combination may, for example, contain a 
polyvinyl alcohol (a) and a polyether (c) . 

Preferably suitable as components of the inventive, mois- 
ture -act ivat able adhesive composition are cellulose deriva- 
tives (b) , especially cellulose derivatives from the group 
comprising hydroxypropyl methyl cellulose, hydroxypropyl 
cellulose, sodium carboxymethyl cellulose, methyl cellu- 
lose, hydroxyethyl cellulose and hydroxypropyl ethyl cellu- 
lose. 

In accordance with further preferred embodiments the mois- 
ture-activatable adhesives contain one or more polymers 
from the class of the polyethers (c) , especially preferably 
from the class of the polyvinyl alkyl ethers. The alkyl 
groups preferably are alkyl groups with 1 to 20 C atoms; 
suitable are straight -chain, branched-chain and cyclic al- 
kyl residues, especially polyvinyl methyl ethers, polyvinyl 
ethyl ethers, polyvinyl isobutyl ethers and polyvinyl 
cyclohexyl ethers. 

Furthermore, copolymers of the mentioned polyvinyl ethers 
with other monomers, especially copolymers with carboxylic 
acid anhydrides, may be used to advantage as well. 

Preferably, acid anhydride group-containing polymers, espe- 
cially maleic acid anhydride -containing copolymers, are 
used as acid anhydrides (component d) , copolymers of methyl 
vinyl ether and maleic acid anhydride being particularly 
preferred. Such copolymers are available under the name of 
GANTREZ (from ISP), for example; Gantrez AN types (anhy- 
dride) are used with preference. 
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Apart from the above, salts or the acid forms of the indi- 
cated acid anhydrides may also be used to advantage, such 
as Gantrez S types (acid forms of AN types, e.g. Gantrez S 
97 BF, cf. Example 3), for example.. 

Furthermore, maleic acid anhydride and other carboxylic 
acid anhydrides are also suitable as acid anhydrides. 

It has furthermore proved advantageous to add non-pressure- 
sensitive adhesive polyacrylates, especially film-forming 
polyacrylates, such as Eudragit NE 40 D (Rohm), to the in- 
ventive adhesives as the component (e); by adding such 
film-forming, non-pressure-sensitive adhesive polymers it 
is possible to increase the duration of adhesion, and the 
adhesive behaviour may be influenced favourably. Further 
suitable film-forming polyacrylates are in principle known 
to those skilled in the art. 

The proportion of the non-pressure-sensitiye adhesive poly- 
mers, relative to the sum of the polymer components of the 
adhesive compound, can be varied within a wide range in or- 
der to adjust the desired adhesive properties; thus, the 
polyacrylate portion in such a formulation may amount to 
25-95%- wt . , preferably to 50-80%-wt., for example. 
According to a particularly preferred embodiment the adhe- 
sive contains at least one film- forming polymer from the 
group of the polyacrylates and at least one polymethyl vi- 
nyl ether-polymaleic acid anhydride copolymer (cf . Example 
2) . 

The invention furthermore comprises moisture-activatable 
adhesive compositions with a content of polyvinyl alcohol 
(a) . According to a particularly preferred embodiment, the 
adhesive formulation contains polyvinyl alcohol (s) and at 
least one polymethyl vinyl ether-polymaleic acid anhydride 
copolymer, the portion of polyvinyl alcohol being 1-80%- 
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wt . , preferably 5-55%-wt., relative to the sum of these two 
polymer components. 

The components (a) to (e) mentioned in claim 1 are per se 
moisture-activatable in correspondence with their respec- 
tive type, i.e. they become tacky after being moistened, or 
they are not tacky per se. For example, the components (a) 
(polyvinyl alcohols) and (b) (cellulose derivatives) are, 
according to their type, moisture-activatable and tacky per 
se, and their degree of tackiness may vary depending on the 
type . 

This correspondingly applies to a copolymer of polyether 
(component (c) ) and acid anhydride (component (d) ) , such as 
Gantrez AN- 13 9 BF, as well as to acid-type Gantrez S-97 BF. 

Where the adhesive contains a component (selected from com- 
ponents (a) to (e)) that is not per se tacky or moisture- 
activatable, this adhesive should additionally contain a 
portion of at least 5.0%-wt., preferably at least 10.0%- 
wt., of a tacky, moisture-activatable component (selected 
from the components (a) to (e) ) . 

If, for example, an adhesive according to the invention 
contains a combination of polyvinyl alcohol (component (a)) 
with a copolymer of polyether (component (c)) and acid an- 
hydride (component (d) ) , and a type of polyvinyl alcohol is 
used that possesses practically no moi sture- act ivat ability 
as adhesive (e.g. Mowiol 28-99; cf. Example 1), the portion 
of the copolymer (sum of the components (c) and (d) ) should 
preferably amount to 5 . 0%-wt . 

If, for example a combination of a copolymer of polyether 
(component (c)) and acid anhydride (component (d) ) , e.g. 
Gantrez AN 169 BF, with non-pressure-sensitive adhesive 
polyacrylates (component (e) ; e.g. Eudragit NE 40 D) is 
used for an adhesive according to the invention, the por- 
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tion of the copolymer (sum of the components (c) and (d) ) 
should preferably contain at least 10.0%-wt. 

It may furthermore prove advantageous for adjusting the de- 
sired adhesive properties to admix further polymer compo- 
nents to the moisture-activatable adhesives according to 
the invention, preferably polymers from the group compris- 
ing polyvinyl pyrrolidones, gelatine, starch and starch de- 
rivatives. Apart from that, a large number of further com- 
ponents is in principle suitable for the manufacture of the 
moisture-activatable adhesive substances, provided that 
they have properties that are similar to those of the poly- 
mers mentioned herein. 

The invention furthermore provides that auxiliary sub- 
stances or additives are added to the adhesive composi- 
tions, respectively the adhesive layers; suitable for this 
purpose are in particular fillers (e.g. Si0 2 )/ colourants 
(e.g. Ti0 2 )# thickeners or viscosity- enhancing additives 
(e.g. aerosil), emulsifiers (e.g. polyethoxylated sorbitan 
fatty acid esters such as TWEEN® or polyethoxylated fatty 
alcohols such as BRIJ @ ) , plasticizers (e.g. polyethylene 
glycol, glycerol), sweeteners (e.g. sorbitol, aspartame, 
saccharin), flavourings, preservatives (e.g. sorbic acid 
and its salts) and dehydrating agents (e.g. sodium sul- 
fate) . 

Preferably, organic acids, particularly from the groups of 
the saturated alkanoic monocarboxylic acids, the saturated 
alkanoic dicarboxylic acids, and the hydroxyalkanoic acids 
(e.g. tartaric acid), are used as further additives. The 
number of C atoms in these carboxylic acids is preferably 
within the range of 2 to 20. Addition of organic acids, 
preferably of carboxylic acids, leads to an increase in wet 
adhesion and to a prolongation of the duration of adhesion, 
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brought about by interactions between acids and cellulose 
derivatives, especially sodium carboxymethyl cellulose, 
e.g. by partial esterif ication. 

The total portion of polymers in the adhesives according to 
the invention, or in the adhesive layers produced there- 
from, amounts to 45-99%-wt., relative to the adhesive com- 
pound or the adhesive layer; the remainder consists of aux- 
iliary substance (s) or additive (s) and/or active sub- 
stance (s), as well as optionally a solvent portion. Suit- 
able as solvents for the inventive adhesive compositions 
are preferably water, aqueous solvent mixtures, alcohols, 
esters (such as ethyl acetate, for example) and other polar 
solvents . 

Particularly advantageous are in addition those adhesive 
formulations according to the invention which in addition 
to the moisture-activatable adhesive formulation contain 
one or more pressure-sensitive adhesive polymers. Such ad- 
hesives and the adhesive layers obtained therefrom thereby 
possess both the advantages of conventional pressure- 
sensitive adhesives and the advantages which are brought 
about by the moisture-activatable adhesive compositions ac- 
cording to the invention. The inventive adhesives which ad- 
ditionally contain pressure-sensitive adhesive polymers 
particularly stand out by the fact that their adhesive 
power is activated and/or even increased upon action of 
moisture. At the same time they also possess sufficient ad- 
hesive power when no skin moisture is present. 

The pressure-sensitive adhesive polymers selected are pref- 
erably those from the group of the polyacrylates, polyiso- 
butylenes and polyisoprenes , silicon adhesives and hot melt 
pressure- sensitive adhesives. Polyacrylates are understood 
to be polymers based on acrylic acid or methacrylic acid 
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and their esters, as well as mixtures of such polymers. 
Suitable polyacrylates are known to the skilled artisan 
(cf. Example 3). 

The portion of moisture-activatable or non-pressure- 
sensitive adhesive components (components (a) to (e) ) here 
is preferably 40 to 60%-wt. 

The moisture-activatable adhesive formulations according to 
the invention can be used to advantage to produce medical 
patches or transdermal therapeutic systems (TTSs) . Such 
patches and systems comprise at least one moisture- 
activatable adhesive matrix layer made of an adhesive ac- 
cording to the invention or containing such adhesive; mix- 
tures of such adhesives may likewise be used. The structure 
of such patches or TTSs is in principle known to those 
skilled in the art; apart from the mentioned adhesive 
layer (s) , it comprises a carrier or backing layer (e.g. a 
plastics film such as PET film, or a textile material) to 
which the adhesive layer is applied. That side of the adhe- 
sive layer which adheres to the skin is usually covered 
with an abhesively coated protective film; this can, how- 
ever, also be dispensed with, as mentioned hereinabove. 

In principle, the moisture-activatable systems according to 
the invention can be used in all cases where a flat -shaped 
object has to be attached to a support, especially a moist 
support, for a certain period of time. 

In the case of TTSs, the matrix layer, made of one (or 
more) moisture-activatable pressure- sensitive adhesive for- 
mulation^) according to the invention, contains at least 
one active substance. This active substance may be present 
in the matrix layer in dissolved or dispersed form, in the 
form of an emulsion or in solid form. Active substances are 
understood to be, in principle, any substances, substance 
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mixtures or preparations which are suitable for topical or 
transdermal administration and which can have a physiologi- 
cal effect in the human or animal body, especially medici- 
nal active substances, hormones, trace elements, enzymes 
and antigens. The active substances may serve to carry out 
therapeutic, prophylactic or cosmetic treatment. 

Particularly, the following active substances and active 
substance groups are suitable: 

1. Salts of basic or acidic active substances from the 
group of the ACE inhibitors, anabolics, antidiabetics, an- 
tihypertonics, anti-inf ectives, anticoagulants, antirheu- 
matics, diuretics, hormones, immunosuppressants, laxatives, 
lipid- lowering agents, CNS-active compounds, anti- 
epileptics, ant ihyper tonics, coronary therapeutic agents, 
etc . ; 

2 . substances whose activity is increased by admission of 
water, which leads to higher active substance flux rates; 

3. hydrophile active substances which are hardly soluble 
in hydrophobic polymers, e.g. insulin, erythropoietin, 
growth factors, gonadoliberins, oxytocin, prolactin, calci- 
tonin, parathyrin (parathormone), somatomedin, melantropin. 

According to a further preferred embodiment, the moisture- 
act i vat able adhesive matrix of a medical patch, but par- 
ticularly of a TTS, is connected with an overlying patch. 
The area of the latter is larger than that of the moisture- 
activatable adhesive matrix; preferably, the overlying 
patch projects beyond the surface of the matrix layer at 
all sides thereof. It is furthermore advantageous to also 
provide the overlying patch with a pressure-sensitive adhe- 
sive polymer layer on the skin-facing side. 

In the following, the invention will be illustrated by 
means of examples of formulations: 
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Example 1: 

Moisture-activatable adhesive without addition of pressure 
sensitive adhesive 



Component 


Constituent 
amount 


Mowiol 2 8-99 


9 . 1%-wt . 


Gantrez AN-139 


90. 9%-wt . 


Water 





Mowiol 28-99: polyvinyl alcohol (by Hoechst /Aventis ) 
Gantrez AN-139: polymethyl vinyl ether-polymaleic acid an- 
hydride copolymer (by ISP) 

Process of manufacture: 

Demineralised water is placed in a suitable mixing vessel , 
and Mowiol 29-99 (polyvinyl alcohol) is introduced while 
stirring and dissolved completely at 80 to 90°C. Gantrez 
AN-139 (polymethyl vinyl ether polymaleic acid anhydride 
copolymer) is strewn into the solution, and this is like- 
wise stirred under the influence of temperature (80-90 °C) 
until a homogenous mass is obtained • 

Example 2 : 

Moisture-activatable adhesive with film-forming polyacry- 
late 



Component 


Constituent 
amount 


Eudragit NE 40 D 


71. 0%-wt . 


Gantrez AN-169 


28 . 6%-wt . 


Sorbitol 


0 . 4%-wt . 


Ethanol 





Eudragit NE 4 0 D: non-pressure-sensitive adhesive, film- 
forming polyacrylate (by Rohm) 

Gantrez AN- 169: see Example 1. 
Pr epar at ion : 

Ethanol is placed in a suitable mixing vessel, and sorbitol 
is strewn in while stirring and homogenising. Eudragit NE 
40 D and Gantrez AN-169 are introduced while stirring, the 
mixture is stirred at approx. 50-70 °C until a homogenous 
mass is obtained. 

Example 3 ; 

Moisture-activatable adhesive with addition of pressure- 
sensitive adhesive 



Component 


Constituent 
amount 


Gantrez S-97 BF 


50 ..0%-wt . 


Duro-Tak 326-2353 


50 . 0%-wt . 


Hexane 




Ethyl acetate 




Ethanol 





Durotak 326-2353: Polyacrylate pressure- sensitive adhesive 

(by National Starch & Chemical B.V.) 
Gantrez S-97 BF: Acid form of a Gantrez AN polymer. 

Manufacturing process: 

Ethanol is placed into a suitable mixing vessel, and 
Gantrez S-97 BF is introduced while stirring. This is 
stirred until a homogenous mass is obtained. Thereafter, 
the Duro-Tak adhesive compound is stirred in. 

The compounds prepared according to the above examples are 
coated, employing an Erichsen doctor knife, a spread coat- 
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ing box or a coating mechanism/ on a suitable processing 
film and subsequently dried in the drying cabinet or the 
drying tunnel . 

The adhesive films prepared according to Examples 1 and 2 
are not self-adhesive, rather their tackiness is activated 
only by moistening the area provided for adhering or after 
moistening the polymer matrix, as well as upon contact with 
a moist substrate. The adhesive films produced according to 
Example 3 are already adhesive in dry state due to the ad- 
dition of pressure- sensitive adhesive (Duro-Tak) . In pre- 
liminary tests, periods of adhesion to the skin in the 
range of 12 to 24 h were achieved with the exemplary formu- 
lations 1 and 2 . After removing the active substance 
patches, which contained an adhesive film according to the 
above examples, from the skin no residues remained on the 
skin, or the residues could easily be washed off with wa- 
ter . 

By means of the modifications described in the subclaims, 
it is possible to further optimize the adhesive effect. 



